The structure of the core promoter region (i.e., DNA sequences flanking the transcription start site and including the TATA, initiator, and downstream elements that interact with the general transcription machinery) of protein-coding genes has an important influence both on the efficiency of basal transcription and on the ability of the core promoter to respond to upstream promoter-bound activators in vivo and in vitro (reviewed in references 33, 38, and 46) . Although the general transcription machinery has been well characterized, little is known about the factors and mechanisms that control its activity in a core promoter-specific manner. Whereas various factors like E2F, YY1, TFII-I, and USF may regulate transcription not only through upstream promoter elements but also through interactions with the core promoter regions of certain genes (for reviews, see references 38 and 50), several components of the basal transcription machinery have intrinsic and more general core promoter-selective functions. For instance, the differential affinity of TATA-binding protein (TBP) for different TATA box DNA sequences and conformations can influence the efficiency of transcription initiation (28, 37, 39 ; for a review, see reference 3) . Previous studies have also demonstrated differential requirements for the general transcription factors (GTFs) TFIIE, TFIIF, and TFIIH for basal transcription from different supercoiled promoter templates (27) . In addition, RNA polymerase II (pol II), by itself, appears to have weak sequence preferences (4) and is involved in start site selection in yeast in conjunction with TFIIB and TFIIF (29, 40) . More recently, TBP-associated factors (TAF II s) within TFIID have been shown to be essential both for the synergistic function of TATA and initiator elements (14, 19, 45) and for basal transcription from TATA-less promoters through an alternative transcription initiation pathway that is largely independent of TBP-DNA interactions (19, 20) . Importantly, the core promoter-selective function of TAF II s has been further confirmed in studies of yeast cells (24, 35) .
How do TAF II s contribute to core promoter-specific transcription? Depending on the core promoter context, TAF II s have been shown to either stabilize or destabilize TBP/TFIID-DNA interactions (10, 14, 17, 45) . DNase I footprinting and UV cross-linking experiments with highly purified TFIID have provided evidence for several TAF II s being in close proximity to DNA, both immediately upstream and downstream of the TATA box and over the initiator and downstream region of certain TATA-containing and TATA-less promoters (2, 5, 14, 25, 31, 44, 53) . In particular, Drosophila TAF II 150 has been reported to interact directly with the adenovirus major late (AdML) and Drosophila Hsp70 core promoters (44, 45) . Interestingly, this interaction correlates with increased stability of the TFIID-promoter complex and with the requirement for Drosophila TAF II 150, as part of a complete TFIID or in a trimeric complex with TBP and TAF II 250, for TATA-dependent initiator function in vitro (13, 45) .
Similarly, human TFIID interacts synergistically with the TATA, initiator, and downstream regions of the AdML and model TATA-and initiator-containing synthetic core promoters in a manner that is dependent on functional initiator sequences and strengthened by TFIIA (10) . However, because so far a homologue of Drosophila TAF II 150 has not been observed within the human TFIID complex, it has been suggested that, in contrast to the situation in Drosophila, human TAF II 150 is not involved in initiator recognition by human TFIID (10, 15) . Nevertheless, a recently cloned human factor (CIF150) that is similar to Drosophila TAF II 150, but apparently not associated with human TFIID/TBP, was reported to be required in addition to TFIID for TATA-dependent initiator activity in a partially purified in vitro transcription system (16) .
The studies cited above clearly establish an important core promoter-specific role of TAF II s and implicate TAF II 150 in TATA-dependent functions of the initiator and downstream regions in certain promoters. However, besides TFIID/TAF II s, the factors and molecular mechanisms involved in differential core promoter-selective transcription, especially for specific transcription initiation at TAF II -dependent TATA-less promoters, remain poorly characterized. This is because earlier studies used either partially purified systems and/or, in the case of TATA-less promoters, core promoter constructs that are not strictly TAF II dependent in vitro (i.e., that can support TBP-mediated transcription through low-affinity but functional TBP binding sites). In a further analysis of the molecular mechanisms involved in TAF II -mediated core promoter selectivity, we have cloned the human homologue of Drosophila TAF II 150. We show that it is essentially identical to CIF150, but in contrast to what was reported recently for CIF150 (16) , we establish that it is a stably associated component of the human TFIID complex. Furthermore, and more importantly, we have identified at least three novel TAF II -and initiatordependent cofactors (TICs) that are different from the previously characterized initiator region-binding proteins YY1, TFII-I, and USF and are selectively required for the core promoter-specific functions of the human TAF II 150-containing TFIID complex through the initiator region of TATAcontaining and TATA-less promoters. In addition, our analysis of the factors required for specific transcription initiation from the TATA-less terminal deoxynucleotidyltransferase (TdT) promoter reveals a novel core promoter-specific basal function for TFIIA that is different from a simple facilitation of TBP-DNA interactions.
MATERIALS AND METHODS
Plasmids. pTdT(Ϫ1300/ϩ59), pTdT(Ϫ41/ϩ59), pG5TdT(Ϫ41/ϩ59) (G5-TdT), pG5TdT(Ϫ41/ϩ33) (G5-TdTϩ33), pG5TdT(Ϫ41TATA/ϩ33) (INR ϩ ), pG5TdT (Ϫ41TATA/Inr Ϫ ϩ33) (INR Ϫ ), pG5E1bCAT (E1b), pG5h␤Pol(Ϫ41/ϩ58)CAT (␤-Pol), pAdML(Ϫ257/ϩ33)CAT, and phHsp70(Ϫ33/ϩ99)CAT (Hsp) have been described previously (19, 20) , as has pMLI(Ϫ45/ϩ65)CAT (ML) (8) .
Cloning and expression of recombinant human TAF II 150. A GenBank search revealed three nonoverlapping mouse epitope sequence tag (EST) sequences (AA028778, AA103510, and W13567) with 50 to 60% amino acid identity with Drosophila TAF II 150. These sequences were used to design degenerate oligonucleotides for PCR-mediated cloning of human TAF II 150 cDNA sequences. A 3.8-kb cDNA encoding a full-length human TAF II 150 was finally isolated by PCR with Pfu polymerase (Stratagene) from a HeLa Marathon-Ready cDNA library (Clontech) essentially as recommended by the manufacturers. The sequence was confirmed from at least two independent clones, except for one nucleotide position that differs in two independent clones and could extend the N terminus by 10 amino acids (see the legend to Fig. 1) . A full-length FLAG-tagged human TAF II 150 (f:TAF II 150) cDNA was cloned into pT7Blue vector (Novagen) between SalI and EcoRI sites, and the resulting pT7-hFL150 expression vector was used to express recombinant protein in coupled in vitro transcription-translation reactions with the TNT system (Promega). The sequence of the FLAG-tagged N terminus is MDYKDDDDKNRKK (the FLAG sequence is underlined). For baculovirus-mediated expression of human f:TAF II 150, the f:TAF II 150 cDNA was inserted between the SmaI and NotI sites of pVL1393 (Pharmingen). The resulting pVL1393-f:T150 vector was cotransfected with BacVector 3000 (Novagen) Autographa californica nuclear polyhedrosis virus DNA into Sf9 cells to produce recombinant viruses (essentially as recommended by the manufacturers). Recombinant human f:TAF II 150 was purified from recombinant baculovirus-infected Sf9 cells by sonication in BC-300 buffer (20 mM Tris-HCl [pH 7.9], 20% glycerol, 300 mM KCl) containing 0.1% Nonidet P-40 (NP-40), centrifugation at 100,000 ϫ g, loading the supernatant on M2-agarose (Kodak), washing the M2 resin extensively with BC-300, eluting with BC-100 containing FLAG peptide (0.2 mg/ml), loading the eluate onto Ni 2ϩ -nitrilotriacetic acid (NTA)-agarose (Qiagen), washing extensively with BC-1000, BC-500, and BC-100, and eluting the purified recombinant f:TAF II 150 with 250 mM imidazole in BC-100. For antiserum production, a human TAF II 150 cDNA fragment encoding amino acids 539 to 655 cloned into His 6 T-pET11d was used to express in bacteria a hexahistidine (His 6 )-tagged protein that was purified on Ni 2ϩ -NTA-agarose and used to immunize rabbits by standard protocols (Covance). Western blotting was done by standard protocols with an enhanced chemiluminescence detection kit (Amersham).
Cell lines and purification of GTFs, pol II, and TICs. A HeLa cell line derivative stably expressing f:TAF II 100 was established by using the pCIN4 expression vector (32) . The cell line stably expressing f:TAF II 135 will be described elsewhere (42) . Purification of epitope-tagged TFIID (eTFIID) complexes was essentially as described previously (5, 53) , with the modifications described in the text. Native TFIIA (Mono Q fraction) was purified as reported elsewhere (21) . Native TFIIA (Ni 2ϩ -NTA-agarose), f:TFIID, TFIID (Mono S), TFIIE/ F/H (Mono S), pol II (Mono Q), and bacterially expressed recombinant (His 6 )-TFIIB, His 6 -TBP, Gal4-VP16, and PC4 were purified as described elsewhere (12) . Native TFIIH was purified from the phosphocellulose (P11)-0.5 M KCl/ DEAE-cellulose-0.12 M KCl (P110.5/DE0.12) fraction, using the BC-buffer system (12; see also above) complemented with 0.2 mM phenylmethylsulfonyl fluoride and either 5 mM dithiothreitol or 10 mM 2-mercaptoethanol and sequential chromatographic steps as follows: Q-Sepharose (Pharmacia), loaded at 0.12 M KCl (BC-120) and step eluted with 0.3 M KCl (BC-300); heparinSepharose (Pharmacia), loaded at 0.22 M KCl and step eluted with 0.6 M KCl; S-Sepharose (Pharmacia) flowthrough at 0.22 M KCl; second S-Sepharose, loaded at 0.12 M KCl and developed with a gradient from 0.12 to 0.5 M KCl; and Q-Sepharose (Q2) developed with a gradient from 0.1 to 0.4 M KCl. TFIIH was monitored during purification with antibodies against five of its subunits: ERCC3, p62, CDK7, cyclin H, and MAT-1. In the final (Q2) step, TFIIH eluted at 0.18 M KCl and was free of all the other GTFs and pol II. The pol II DE52 fraction [pol II (DE)] was purified from a resuspended HeLa nuclear pellet fraction (12) by precipitation with 0.09% polyethyleneimine, extraction of the pellet with TGED-250 (250 mM ammonium sulfate in buffer TGED [50 mM Tris-HCl {pH 7.9} at 4°C, 25% glycerol, 0.5 mM EDTA, 0.5 mM EGTA, 2 mM dithiothreitol) supplemented with a cocktail of protease inhibitors (Boehringer Mannheim), and precipitation with 67% saturated ammonium sulfate. The resuspended pellet was loaded onto a DE52 (Whatman) column in TGED-120, washed subsequently with TGED-150, eluted with a step at TGED-600, and then dialyzed to TGED-100. This simple pol II (DE) preparation (0.17 mg/ml; 1.4 mg of total protein for 80 ml of nuclear pellet) is in the A form, 10 to 30% pure by Coomassie blue staining, and free of all GTFs. Recombinant human His 6 -TFIIE is an equimolar combination of both soluble His 6 -tagged subunits (34 and 57 kDa) expressed in bacteria and purified essentially as described for His 6 -TFIIB (12) . Recombinant human His 6 -RAP74 was expressed in bacteria and purified as described above over Ni 2ϩ -NTA-agarose but in the presence of 4 M urea. Bacterially expressed recombinant human RAP30 was solubilized from inclusion bodies in 6 M guanidine hydrochloride, renatured by dialysis against BC buffer containing 150 mM KCl (BC-150), loaded onto a heparin-Sepharose column in BC-150, and eluted with BC-500. Recombinant His 6 -TFIIF was reconstituted by corenaturation of equimolar amounts of RAP30 and His 6 -RAP74 (mixed in BC-500 with 4 M urea) by step dialysis to reach BC-100. TIC-1 was purified from the P11 0.5/DE 0.12 fraction (with BC buffers) as schematized in Fig. 4F ; this included chromatography on Q-Sepharose where TIC-1 activity is found in the 0.12 M KCl flowthrough, followed by chromatography on a heparin-Sepharose column, which was loaded at 0.12 M KCl, washed with 0.25 M KCl, and eluted with 0.5 M KCl. After dialysis against BC-100, TIC-1 was sedimented through a 10 to 40% glycerol gradient (in BC-100), where it sediments between aldolase (163 kDa) and albumin (73 kDa) standards analyzed in parallel on an identical gradient. TIC-1 activity (fraction 8 [ Fig. 4D ]) was further purified on a Ni 2ϩ -NTA-agarose column, where it loses some activity and is found both in the flowthrough and in the bound fractions. The TIC-1 activity in the flowthrough is purer and was used for further characterizations. TIC-2 in the P11 0.5/DE 0.3 fraction was loaded on double-stranded DNA (dsDNA)-cellulose in BC-100 and eluted with BC-600. This fraction was dialyzed to BC-100, loaded onto a heparinSepharose column, and step eluted with BC-300 and BC-500. TIC-2 activity was present exclusively in the BC-300 eluate. TIC-1/3 corresponds to the previously described heparin Sepharose USA fraction (12, 21) .
Immunodepletions, reconstituted systems, and transcription and primer extension analyses. Specific immunodepletions of factors from nuclear extracts or derived fractions were performed essentially as previously described (7; see also figure legends) in either BC-100 (TFII-I and TAF II 100 depletions) or BC-400 (TFIIA depletion) buffer conditions. System A contains 1 l of TFIIA (Ni-NTAagarose), 1 to 2 l of eTFIID (5 ng . Transcription reactions and primer extension analyses, with primers for TdT (16mer Reverse; New England Biolabs) and chloramphenicol acetyltransferase (CAT) constructs (CAT-30mer) labeled to the same specific activity, were essentially as previously described (19, 20) . Quantitations were done on a Molecular Dynamics PhosphorImager.
Nucleotide sequence accession number. The human TAF II 150 cDNA sequence is available under GenBank accession no. AF040701.
RESULTS
Cloning of the human TAF II 150 cDNA. Because of the importance of Drosophila TAF II 150 for core promoter recognition and initiator function and the apparent absence of a human homologue in highly purified TFIID preparations (see the introduction), we undertook the cloning of the human TAF II 150 cDNA in order to reconstitute, with a complete set of TAF II s within TFIID, TFIID-mediated core promoter selectivity in a homologous human in vitro transcription system. We used the Drosophila TAF II 150 amino acid sequence to search the sequence databases and identified three nonoverlapping mouse EST sequences with 50 to 60% amino acid identity with Drosophila TAF II 150. Degenerate oligonucleotides based on the mouse EST sequences were used to obtain (by PCR) corresponding human sequences that further were used to clone (by high-fidelity PCR) a 3.8-kb cDNA encoding a full-length human TAF II 150 ( Fig. 1 ; see below and Materials and Methods). Human TAF II 150 is overall 46% identical to its Drosophila counterpart (Fig. 1) and clearly is the bona fide human homologue. Northern blot analyses indicate a single 5.7-kb human TAF II 150 mRNA species that is expressed comparably in all tissues tested (data not shown and reference 20a). In an immunoblot analysis of HeLa nuclear extracts, polyclonal antibodies raised against a recombinant human TAF II 150 protein fragment (amino acids 539 to 655) specifically recognize a ca. 135-kDa protein (see below) that elutes, after chromatography on phosphocellulose P11 and DE52 resins ( Fig. 2A) , in the P11 0.85/DE 0.3 TFIID-containing fraction (Fig. 2B, lane 5) . Note that lower amounts of TAF II 150 (and other TAF II s) are also present in the P11 0.85/DE 0.12 fraction and can be detected after concentration on a subsequent heparin-Sepharose column in the USA fraction (see Fig. 5A , lane 5). In vitro transcription and translation in rabbit reticulocyte lysates of f:TAF II 150-encoding cDNA gives rise to a protein with an electrophoretic mobility similar to that of the native human TAF II 150 (Fig. 2B , lane 5 versus lane 6). This finding suggests that the cDNA encodes the full (or near-full)-length protein (see also the legend to Fig. 1) .
Human TAF II 150 is stably associated within the TFIID complex. Our finding of human TAF II 150 in P11 0.85-derived TFIID fractions suggested, in contrast to earlier predictions and conclusions of a more recent report (15, 16) , that human TAF II 150, like other TAF II s, might be tightly associated with TBP within a TFIID complex. To test this, we immunopurified eTFIID complexes from nuclear extracts of various cell lines expressing a FLAG-or hemagglutinin-tagged version of TBP (f:TBP or HA:TBP), f:TAF II 100, or f:TAF II 135. Different purification conditions were used to compare the relative stability of association of different TAF II s within the human TFIID complex ( Fig. 2A and C) . We found that, independently of the tagged subunit, all highly purified human eTFIID complexes contained essentially the same relative amount of human TAF II 150 (Fig. 2C) , regardless of whether the immunopurification was carried out at 0.3 M KCl (lanes 1 to 3), at 1.2 M KCl (lane 4), from two column fractions (lanes 1 and 4), or directly from nuclear extracts (lanes 2 and 3). Moreover, TAF II 150 is detected mainly in P11 0.85-derived fractions ( Fig. 2B ; see also below), depletion of TBP and TAFs from a two-column native TFIID fraction with specific anti-TAF II 100 antibodies also depletes TAF II 150 (Fig. 2D) , and the apparent ratios of TAF II 150 to other TAF II s are similar in crude nuclear extracts, partially purified TFIID, and highly purified eTFIID (Fig. 2E ). This finding suggests that most of the TAF II 150 in nuclear extracts is in TFIID and, potentially, TFIID-related TAF II complexes such as the recently described TBP-free TAF II complex (TFTC [51] ) (see Discussion). In addition, native human TAF II 150 and TAF II 135 comigrate in SDS-7.5% polyacrylamide gels by Western blot analyses ( Fig. 2C and legend) . Consistent with this, the 135-kDa protein band (TAF II 135/ TAF II 150) in highly purified eTFIID and purified recombinant f:TAF II 150 have very similar mobilities, in a side-by-side comparison, on a silver-stained SDS-polyacrylamide gel ( The underlined sequence (amino acids 90 to 100) corresponds to a Glu-C peptide microsequence from the 135-kDa TAF II protein of highly purified eTFIID. A mouse TAF II 150 N-terminal EST sequence (GenBank accession no. AA200390) is 100% identical at the amino acid level to the human sequence shown here from position 120 to the first methionine and diverges upstream with no other ATG (data not shown). However, an independent human 5Ј-end PCR clone has one nucleotide difference, which creates an in-frame upstream but weaker (non-Kozak) initiator ATG and adds the 10 predicted amino acids MPLTGVEPAR at the N terminus. This upstream ATG has also been observed recently in independent CIF150/TAF II 150 cDNAs (12a, 16).
protein band in eTFIID revealed a peptide uniquely encoded by TAF II 150 ( Fig. 1 , underlined sequence) as well as peptides encoded by TAF II 135, the human homologue of Drosophila TAF II 110 (42) . This may explain why human TAF II 150 was not previously detected in eTFIID. Consistent with the data presented here, independent analyses of eTFIID components by quantitative Western blots with recombinant TAF II standards have established that TAF II 150 is present at levels comparable to those of several other TAF II s (12a).
The human TAF II 150-containing TFIID complex cannot support initiator function and TATA-independent transcription with only highly purified GTFs and pol II. Having established that human TAF II 150 is a tightly associated component of a TFIID complex, we tested whether highly purified human eT-FIID can direct TAF II -mediated core promoter-specific basal transcription in a homologous assay system (system A; Materials and Methods) reconstituted with highly purified recombinant TFIIB, TFIIE, and TFIIF and native TFIIA, TFIIH, and pol II. With this highly purified assay system and with a linear TATA-and initiator-containing promoter (INR ϩ [ Fig.  3E ]), basal transcription is dependent on every GTF and pol II (Fig. 3A) and addition of an excess of TAF II 150-containing eTFIID or all other general components does not lead to a significant increase in basal transcription (data not shown). Significantly, under these conditions where GTFs are saturating, the transcription activity of a TATA-containing promoter ( (14, 19) . Interestingly, the activity of the initiator-less promoter is lower in the nuclear extract than in the purified system with both linear (Fig. 3B , lane 1 versus 3) and, to a lesser extent, supercoiled (Fig. 3C , lane 1 versus 5) templates. In contrast, with both supercoiled and linear templates, the activity of the initiatorcontaining promoter is stronger in the nuclear extract than in the purified system (Fig. 3B , lane 2 versus 4; Fig. 3C , lane 2 versus lanes 6 and 8). Thus, our purified reconstituted system is more efficient than the nuclear extract for basal initiatorindependent transcription but apparently lacks components that mediate initiator-specific function. These results also suggest that TAF II -dependent initiator function in the crude nuclear extract may result from both antirepression and positive stimulatory mechanisms. Consistent with the existence of initiator-specific cofactor activities distinct from TFIID and the other GTFs, eTFIID cannot direct basal initiator-mediated transcription from the TAF II -dependent TATA-less TdT core promoter either in the highly purified transcription system described above (Fig. 3D, lane 2) or in less purified systems that also support efficient TATA-dependent transcription (see below). Altogether, these results demonstrate that a complete set of GTFs and TAF II s (including TAF II 150) within the human TFIID complex is insufficient to promote initiator function, either alone or in conjunction with a TATA element in a highly purified system, and therefore that additional activities are required for the TAF II -mediated core promoter-specific (initiator-dependent) functions of TFIID.
TIC-1 potentiates TFIID-mediated initiator function from TATA-containing promoters. By using the most highly purified set of GTFs and pol II (system A, described above) as a complementation system, we searched for HeLa cell nuclear extract-derived fractions that would restore the TAF II -dependent stimulatory activity of the initiator in the context of TATA-containing core promoters. The activity, which we call TIC-1, was originally identified, at the two-column (P11 and DE52) stage, in two separate fractions (TIC-1 and TIC-1/3 [ Fig. 4F] ) that, when added independently to the highly purified system, preferentially stimulate the initiator-containing core promoter (Fig. 4A, lanes 1 to 6; Fig. 4B , lanes 3 to 8) in a TAF II -dependent manner (Fig. 4A , lanes 3 to 6 versus lanes 7 to 10). In accord with the results obtained with nuclear extracts (Fig. 3B and C) , these TIC-1-containing fractions stimulate initiator-dependent transcription from both supercoiled (Fig. 4A ) and linear (Fig. 4B) templates. They also stimulate significantly (about 13-fold) the natural initiator-containing AdML core promoter (ML [ Fig. 3E ]) but only marginally (about 2.5-fold) the natural initiator-less human Hsp70 core promoter (Fig. 3E, 4D , and 4E, and data not shown). Because the TIC-1/3 fraction is very complex and contains other cofactors (i.e., TIC-3 and both positive and negative USA components [see below]), we have further purified TIC-1 from the P11 0.5/DE 0.12 fraction (summarized in Fig. 4F ). TIC-1 activity from the heparin-Sepharose [TIC-1 (HS)] fraction effects a 7-to 8-fold preferential stimulation of the INR ϩ template (Fig. 4C ) and a 13-fold stimulation of the initiator-containing ML template (Fig. 4D , lane 1 versus lane 3) but only a weak (2.5-fold) stimulation of the initiator-less Hsp promoter (Fig.  4D, lane 1 versus lane 3) . TIC-1 activity from this heparinSepharose fraction sediments on a subsequent glycerol gradient with a native apparent molecular mass in the range of 70 to 160 kDa (Fig. 4D, lanes 4 to 10) . TIC-1 from the peak glycerol gradient fraction 8 [ Fig. 4C , TIC-1 (GG#8); Fig. 4D , lane 7] was further purified on a Ni-NTA-agarose column, where it splits between the flowthrough and bound fractions and loses part of its activity (see also Materials and Methods). However, TIC-1 activity in the most purified Ni-NTA-agarose flowthrough fraction still retains its TAF II -dependent core promoter-specific activity, as evidenced by a significant (fourfold) stimulation of the ML core promoter with TFIID ( 4) promoters was analyzed in a HeLa cell nuclear extract (NE; lanes 1 and 2) and in the purified system A (lanes 3 and 4) by primer extension using the same 32 P-labeled primer. (C) TFIID-mediated transcription from supercoiled templates in a highly purified system is independent of TFIIH and does not support TATA-dependent initiator function. Transcription from the supercoiled TATA-containing INR Ϫ and INR ϩ templates was analyzed as described above in a nuclear extract (lanes 1 and 2) and in either the complete system A (lanes 7 and 8) or in system A lacking TFIIH (lanes 5 and 6) or TFIIH and TFIID (lanes 3 and 4) . (D) The highly purified TFIID-dependent system does not support initiator-directed basal transcription from a TAF II -dependent TATA-less promoter. Basal transcription from the supercoiled TATA-containing human Hsp70 core promoter (Hsp) and the TATA-less mouse TdT (Ϫ41 to ϩ59) core promoter (TdT) was analyzed as described above in a nuclear extract (lane 1) and in the complete system A (lane 2) by transcribing equimolar amounts of templates in the same reaction. Specific transcripts were analyzed by primer extension using a mixture of two 32 P-labeled primers with similar specific activities (see below). (E) Schematic structure of the core promoters used in this study. TdT is the natural murine TdT gene core promoter (positions Ϫ41 to ϩ33 or ϩ59 relative to the start site). INR ϩ is the natural TdT core promoter (Ϫ41 to ϩ33) with its Ϫ30 DNA sequence converted to a consensus TATAAA element. INR Ϫ is the same as INR ϩ but without a functional initiator element. ML is the natural AdML core promoter (Ϫ45 to ϩ65). Hsp is the natural human Hsp70 gene core promoter (Ϫ33 to ϩ99). E1b is a construct containing the see also the introduction), we performed immunoblot analyses with specific antibodies against these factors and an excess (5-to 10-fold the amount used for transcription) of a highly active TIC-1 (HS) fraction. The results show that the TIC-1 fraction does not contain detectable amounts of TAF II 150/TFIID (Fig.  5A, lane 3) , YY1, TFII-I, and USF (Fig. 5B, lane 1) . Consistent with this, depletion of USF (30) or TFII-I (Fig. 5C ) from nuclear extracts does not affect basal transcription from the AdML promoter (30) (Fig. 5D, lane 1 versus lane 2) and YY1 does not mediate initiator function from the AdML promoter (43) . Furthermore, in contrast to the YY1 and TFII-I factors that function through TFIIA-and TAF II -independent pathways in a TBP-dependent (i.e., TFII-I) system or in a TBPindependent system requiring a supercoiled promoter (i.e., YY1) (reviewed in references 33, 38, and 43), TIC-1 does not function in conjunction with TBP but, instead, potentiates TFIID/TAF II -mediated initiator-dependent transcription from both linear and supercoiled templates (see above). Thus, TIC-1 is different from TAF II 150, YY1, TFII-I, and USF.
Altogether, these results demonstrate that a novel initiatordependent cofactor activity, TIC-1, is required for the TAF IImediated transcription stimulatory function of human TFIID through the initiator region of TATA-containing promoters.
TIC-2 and TIC-3 are specifically required for TAF II -dependent transcription from TATA-less promoters. In contrast to what was observed for TATA-containing promoters, the highly purified assay system (system A) described above does not support TATA-independent transcription from the natural TAF II -dependent initiator-containing TdT core promoter (Fig.  3D, lane 2) , even in the presence of TIC-1 (see below and data not shown). The only difference between the natural TATAless TdT core promoter and the TATA-containing INR ϩ promoter construct used in the above studies is the TATA element (Fig. 3E ). This suggests that additional cofactor activities, different from TIC-1, are required specifically for TAF II -mediated TATA-independent transcription. To address this possibility, we tested the TdT core promoter in a less purified assay system (system B), both alone and in combination with various fractions (Fig. 6A ). This system (system B [Materials and Methods]) contains highly purified eTFIID, native TFIIA, recombinant TFIIB, recombinant TFIIE, recombinant TFIIF, and a two-column (P11 0.5/DE 0.3) fraction containing TFIIE, TFIIF, TFIIH, and pol II, as well as some endogenous TIC-1 activity (TFIIE/F/H/pol II fraction). This system alone (lane 2) does not support TdT transcription even when supplemented with either the P11 0.1 fraction (lane 6), the P11 0.3 fraction (lane 7), or a two-column-purified (P11 0.5/DE 0.12) TIC-1 fraction (lane 8). In contrast, the two-column (P11 0.85/DE 0.12) TIC-1/3 fraction (lanes 9 to 11) and, to a lesser extent, the P11 0.85/DE 0.3 fraction (lane 12) can restore transcription in this system. This finding suggests that transcription from the TdT core promoter requires an activity that is different from TIC-1 and GTFs, present in the TIC-1/3 fraction and hereafter called TIC-3. TIC-1 and TIC-3 activities present in the twocolumn TIC-1/3 fraction copurify with the USA coactivator fraction (21) on a subsequent heparin-Sepharose column (Fig.  4F ). However, they are different from the major USA component, the coactivator PC4 (11, 18) , since recombinant PC4 cannot substitute either for the TIC-1/3 fraction in transcription from the TdT promoter (Fig. 6A, lanes 3 to 5) or for the TIC-1 activity in TAF II -dependent initiator function from a TATA-containing promoter (data not shown). TIC-3 is also different from poly(ADP-ribose) polymerase (PARP)/PC1 (22), YY1, and TFIID since the latter factors are more abundant in the two-column TFIIE/F/H/pol II fraction of system B that lacks TIC-3 activity than in the TIC-1/3 (P11 0.85/DE 0.12) fraction (Fig. 6B, lane 4 versus lane 5) . TIC-3 also is different from TFII-I and USF, since these latter factors are absent from the TIC-1/3 (USA) fraction (Fig. 5B, lane 3) . Consistent with this finding, immunodepletion of TFII-I from nuclear extracts does not affect basal transcription from the TdT core promoter (Fig. 5D, lane 3 versus lane 4) .
To reconstitute TFIID/TAF II -dependent transcription from the TATA-less TdT promoter in a more purified assay system and to directly compare the factor requirements for both basal and activator-dependent transcription from TATA-dependent and TATA-less promoters, we analyzed transcription from promoter constructs containing either the TATA-less TdT initiator region or the E1b TATA box downstream of five Gal4 binding sites (G5-TdT and G5-E1b) in an assay system (system C [Materials and Methods]) reconstituted with purified native TFIIA, recombinant TFIIB, TAF II 150-containing native TFIID (Mono S fraction [Fig. 2E, lane 4; Fig. 5A, lane 2] ), pol II, and a four-column-purified (Mono S) fraction containing native TFIIE, TFIIF, and TFIIH (TFIIE/F/H fraction). As expected, and in contrast to the detectable basal transcription from the weak TATA-containing G5-E1B construct, no significant specific basal transcription is observed from the TATA-less G5-TdT promoter (Fig. 7A, lane 1) . Interestingly, and in contrast to what was observed in the less purified assay system B (Fig.  6A) , the addition of the TIC-1/3 fraction (which contains both TIC-1 and TIC-3 activities) cannot restore basal transcription from the G5-TdT promoter in this more purified system (Fig.  7A, lane 3 ; note, however, the previously reported basal stimulatory effect of USA components in the TIC-1/3 fraction on the E1b promoter). This finding suggests that another activity is required, in addition to TIC-1/3, for TATA-independent transcription from the TdT initiator region and that this activity is present in a component of system B. Indeed, such an activity, called TIC-2, was found to cofractionate with the twocolumn (P11 0.5/DE52 0.3) TFIIE/F/H/pol II fraction of system B. TIC-2 from that fraction was further purified on dsDNA-cellulose and heparin-Sepharose (Fig. 4F and Materials and Methods) and analyzed by immunoblotting to show that it lacks detectable TFIID (Fig. 5A, lane 4) , TFII-I, YY1, 2) and TdT (Ϫ1300 to ϩ59) (TdT; 75 fmol; lanes 3 and 4) promoters was analyzed in control mock-depleted (mock; lanes 1 and 3) and TFII-I-immunodepleted (⌬ TFII-I; lanes 2 and 4) extracts by primer extension as described in the legend to Fig. 3 . Autoradiography was about 10 times shorter for lanes 1 and 2 than for lanes 3 and 4. and USF (Fig. 5B, lane 2) . The addition of this four-columnpurified TIC-2 (HS) fraction (Fig. 4F ) alone cannot restore specific basal transcription from the G5-TdT promoter in system C (Fig. 7A, lane 2 ; note, however, that there is a weak overall increase in nonspecific transcription). However, in conjunction with the TIC-1/3 fraction, TIC-2 specifically promotes basal transcription from the TATA-less G5-TdT promoter, whereas it does not influence TATA-directed transcription from the G5-E1b template (lane 6 versus lanes 2 and 3) or from other TATA-containing promoters that include the natural TATA-containing human Hsp70 core promoter (Fig. 7B , lane 1 versus lane 2; see also below). Importantly, in the presence of the TIC-1/3 fraction, which also contains the USAderived coactivators PC1 to PC4 (and some TFIID [Fig. 5A,  lane 5] ), the addition of the strong activator Gal4-VP16 efficiently stimulates transcription from the TATA-containing G5-E1b construct but is without effect on the TATA-less G5-TdT promoter in the absence of TIC-2 (Fig. 7A, lane 3 versus lane  5) . The further addition of TIC-2 does not influence the already high level of activated transcription from the G5-E1b construct but dramatically potentiates activated levels of transcription from the G5-TdT promoter (compare lanes 5 and 8). Therefore, basal transcription from the TAF II -dependent TATA-less TdT core promoter in a purified system requires both core promoter-specific cofactors TIC-2 and TIC-3. Moreover, an activator and cognate coactivators of the USA (TIC-1/3) fraction cannot compensate for the absolute requirement for TIC-2. Demonstration of the involvement of TIC-1 in transcription from the TdT promoter, although anticipated from its initiator-specific function on TATA-containing promoters, will require the further purification of TIC-3 from the TIC-1/3 fraction and its separation from TIC-1.
To gain more insight into the mechanisms of TIC-2 function, we analyzed, in the reconstituted TIC-2-dependent system (system C complemented with USA-TIC-1/3 and Gal4-VP16), the effect of TIC-2 addition on transcription from different TdT core promoter mutant derivatives. The results presented in Fig. 7B show that a TdT promoter construct lacking the downstream promoter region from ϩ33 to ϩ59 (G5-TdTϩ33), which is required for optimal basal transcription in crude nuclear extracts (19, 38a) , is still responsive to TIC-2 (lane 5 versus lane 6) but has an activity lower than that of the wild-type G5-TdT construct (lane 4 versus lane 6). Since the TIC-2-dependent system contains a TIC-1 activity that is endogenous to the TIC-1/3 fraction and sufficient for initiator function in the context of a TATA-containing promoter (Fig. 4A and B initiator element are not stimulated by TIC-2 in the assay system described above (Fig. 7C) . These results indicate that TIC-2 is specifically required in the absence of a functional TATA element and are reminiscent of the observation that the function of the TdT downstream region in crude nuclear extracts is important only in the context of a TATA-less promoter (19) . Altogether, these results suggest that TIC-2 may facilitate the recruitment of TFIID in conjunction with specific sequences downstream of the initiator in TATA-less promoters. Consistent with an important role of TIC-2 specifically in TATA-independent transcription, a different initiator-containing TATA-less core promoter, i.e., the human ␤-polymerase core promoter, also requires TIC-2 for optimal TFIID-mediated transcription in this reconstituted system (Fig. 7C, G5 -␤-Pol).
TFIIA is essential for basal and activated TIC-mediated transcription from a TATA-less promoter. An important function of TFIIA is to facilitate the functional recruitment of TFIID to TATA-containing promoters by competing with specific TBP-interacting inhibitors and by stabilizing TBP-DNA interactions (reviewed in reference 33). However, in contrast to transcription from TATA-containing promoters, transcription from the TATA-less TdT promoter is independent of the affinity of TBP for DNA (20) but requires TICs for functional TFIID recruitment through an alternative TAF II -dependent pathway (see above). Therefore, to better understand the TIC/ TAF II -dependent TFIID recruitment pathway at TATA-less promoters, we tested whether TFIIA is needed for specific TATA-independent transcription initiation from the TdT core promoter. Figure 8A shows that specific immunodepletion of TFIIA from nuclear extracts, which inhibits basal transcription from the TATA-containing AdML promoter (7), also inhibits basal transcription from the TdT core promoter (lane 1 versus lane 2) and that addition of TFIIA to the depleted extract stimulates specific TATA-independent transcription initiation at the TdT initiator (lane 2 versus lane 3). We further addressed, in the reconstituted TIC-dependent assay system (system C complemented with TIC-2 and USA-TIC-1/3 fractions), the TFIIA requirement for activator-dependent transcription for both the TATA-containing G5-E1b construct and the TATA-less G5-TdT promoter (Fig. 8B) . Whereas TFIIA omission from the system reduces Gal-VP16 activator-mediated transcription from the G5-E1b construct (lane 3 versus lane 4) to a level similar to (or only slightly lower than) the basal level observed in the absence of Gal-VP16 (lane 2 versus 4), it essentially abolishes all specific transcription from the TdT core promoter (G5-TdT [compare lanes 2 and 3 with lane 4]). These results show that TFIIA is crucial for both basal and activated TATA-independent transcription and is even more important for basal transcription from the TATA-less TdT core promoter than for basal transcription from the TATAcontaining G5-E1b construct. These results also demonstrate a novel TFIIA role in TIC-and TAF II -dependent transcription from initiator-containing TATA-less promoters that is distinct from a mere stabilization of TBP-DNA interactions.
DISCUSSION
Understanding at the molecular level the gene-specific transcription regulatory role of TAF II s through core promoter elements requires the reconstitution in vitro of TAF II -dependent core promoter-specific transcription functions with purified components. As a critical first step toward this goal, we have shown that a highly purified human TAF II 150-containing TFIID complex is not sufficient for core promoter selectivity in a homologous human system reconstituted with all the other highly purified GTFs and pol II. By the further identification of novel TAF II -dependent core promoter-specific cofactor activities, TICs, we have established the first in vitro transcription systems reconstituted with purified components that support the productive core promoter-specific transcription functions of TFIID through the initiator region of both TATA-containing and TATA-less core promoters. The differential requirement for TBP-DNA interactions, TFIIA, TAF II s, and TICs as a function of the core promoter structure further suggests the existence of a diversity of regulatory mechanisms for the control of transcription initiation at class II genes and points to potential targets for transcriptional regulators with core promoter-selective functions.
Cloning of human TAF II 150, a stably associated component of the TFIID complex. Human TAF II 150 shows 46% identity, at the amino acid level, with its Drosophila homologue and is essentially identical to the recently described CIF150 (16) . However, in contrast to the latter report, we clearly show that TAF II 150 is stably associated with all human TFIID preparations thus far tested and comigrates on SDS-gels with TAF II 135, explaining why it has not been observed previously in silver-stained gels of highly purified eTFIID preparations. The reason for the apparent discrepancy between our results and the recently published results of Kaufmann et al., indicating the absence of TAF II 150/CIF150 in their TFIID preparations (16) , is not clear but may reflect differences in cells or cell culture conditions, with corresponding differences in TFIID or TAF II 150 stability during extract preparation, and/or differences in the sensitivity and specificity of the antibodies used. Our findings have important implications for the conclusions of previous protein-DNA interaction studies that used the human TFIID complex. Indeed, by analogy with Drosophila TFIID, it now seems likely that human TAF II 150 also contributes to the extended interactions of TAF II s over the initiator and downstream regions of initiator-containing promoters and to the resulting increase in stability of the TFIID-TFIIA complex (10) . This is consistent with cross-linking studies with highly purified human eTFIID that have shown a TFIIA-induced increase in the cross-linking of 250-and 135-kDa TAF II s over the AdML initiator region (25) . Because a 135-kDa TAF II was also cross-linked upstream of the AdML TATA box and because human TAF II 135 interacts directly with TFIIA (42), the 135-kDa TAF II positioned over the AdML initiator region may well be human TAF II 150.
TAF II -promoter interactions are not sufficient for the core promoter-selective functions of TFIID. We have shown that a complete set of TAF II s, including TAF II 150, within the human TFIID complex cannot support either the transcription synergism between TATA and initiator elements or specific transcription initiation from a TAF II -dependent TATA-less promoter in a highly purified system. This finding indicates that a simple increase in the affinity of TFIID for the core promoter by direct TAF II -initiator and TAF II -downstream region interactions is not sufficient to mediate the productive transcription function(s) of TFIID/TAF II s through the initiator regions of natural TATA-containing and TATA-less promoters. Consistent with this, and in contrast to synthetic promoter constructs containing only a TATA box and an initiator element (14) , more complex natural core promoters like the AdML and the TATA-containing TdT-based promoters (INR ϩ and INR Ϫ [ Fig. 3E]) show TAF II interactions over the initiator and natural downstream regions in the absence of a functional initiator element (5, 10, 20, 26a) . This is also consistent with the observation that TAF II s contact specific sequences downstream of the initiator in certain promoters (2, 31) . Whatever the role of this core promoter-specific mode of TAF II -DNA interactions (see also below), our data indicate that it is not generally sufficient for productive TAF II -dependent core promoter selectivity with all highly purified GTFs and pol II. In agreement with this observation, we have partially purified novel core promoter-specific cofactors, TICs, that potentiate the core promoter-selective functions of TAF II s in vitro. TIC-1, a core promoter-specific cofactor for TAF II -mediated initiator function. We have identified a human TIC-1 activity that restores the transcription synergism between a TATA box and an initiator element in a highly purified eTFIID-dependent system. This activity was purified from a HeLa nuclear extract-derived two-column (P11 0.5/DE 0.12) fraction similar to the one used previously to functionally identify CIF150 (15, 16) . However, the chromatographic properties of TIC-1 on subsequent columns are different from those of CIF150, and TAF II 150/CIF150 is not detected by immunoblot analyses in highly active TIC-1 fractions. Furthermore, TAF II 150/CIF150, which we found to be stably associated within the human TFIID complex, still requires TIC-1 in a purified system for TATAdependent initiator function. Therefore, the previously reported effect of ectopic TAF II 150/CIF150 in a crude system (15, 16) may have reflected the presence of limiting amounts of TFIID/TAF II 150 in the crude fraction used as a source of TFIID and GTFs and is not indicative of the novel TIC-1 cofactor described here. We have shown that TIC-1 is also different from several previously characterized gene-specific transcription factors (YY1, USF, and TFII-I) that have been implicated in initiator function under particular conditions and through TFIIA/TAF II -independent pathways (see Results and references 33 and 38). The TdT initiator element has been shown to stabilize human TFIID (but not TBP) binding to a TATA-containing promoter in a TFIIA-dependent manner (10) but, as shown here, still requires TIC-1 for productive initiator-dependent transcription activity. Therefore, it is possible that TIC-1 functions after TFIID recruitment, perhaps by favoring the recruitment of the other GTFs and pol II. Alternatively, TIC-1 may also function in concert with TFIIA during TFIID recruitment through interactions with DNA and/or TAF II s either by simply further facilitating or stabilizing TFIIA-mediated TFIID-initiator interactions or by favoring the assembly of a more productive TFIID-promoter conformation. Surprisingly, although TIC-1 supports TAF II -mediated initiator function in the context of TATA-containing promoters, it is not sufficient to promote initiator-directed transcrip-FIG. 8. TFIIA is essential for both basal and activator-dependent transcription from a TIC-and TAF II -dependent TATA-less core promoter. (A) Specific immunodepletion of TFIIA from nuclear extracts (NE) inhibits basal transcription from the TATA-less TdT promoter. Transcription from the supercoiled TdT core promoter (Ϫ41 to ϩ59) either in a mock-depleted nuclear extract (mock; lane 1) or in a nuclear extract depleted of TFIIA with specific antibodies against TFIIA ␣/␤-p55 subunit (7) (⌬ TFIIA; lanes 2 and 3) was analyzed by primer extension; 1.5 l of TFIIA (Mono Q fraction) was added to the TFIIA-depleted extract in lane 3. (B) TFIIA has a general function in activation and an essential core promoter-selective role in basal transcription from a TIC-and TAF IIdependent TATA-less promoter. Transcription from the supercoiled TATA-less G5-TdT and TATA-containing G5-E1b promoters was analyzed as for panel A, in the complete system C (lanes 1 to 3) or in system C lacking TFIIA (lane 4) and in the presence (ϩ) or absence (Ϫ) of Gal-VP16 activator, the TIC-1/3 (USA) fraction, and the TIC-2 (HS) fraction, as indicated.
tion from a TAF II -dependent TATA-less promoter in a purified system. This finding indicates that additional cofactors are required for TATA-independent initiator-directed transcription that may compensate for the lack of a TATA element (see below).
TIC-2 and TIC-3 are core promoter-specific cofactors for basal transcription from TAF II -dependent TATA-less promoters. The in vitro study of bona fide TAF II -mediated TATAindependent transcription is complicated by the promiscuous and productive binding of TBP to diverse low-affinity nonconsensus TATA elements. The natural TATA-less initiator-containing TdT promoter is a good model for the in vitro analysis of an alternative TATA-independent transcription initiation pathway because (i) even high concentrations of TBP cannot direct basal TdT transcription, (ii) TAF II s are absolutely required within a TFIID complex for basal transcription, and (iii) TFIID-mediated transcription from the TdT promoter is largely independent of specific TBP-DNA interactions (19, 20) . That such alternate TATA-independent pathways are of significance in vivo is further suggested by transfection experiments with major histocompatibility complex class II gene promoters (reference 1 and references therein). By using the TdT promoter as a model, we have shown that a system reconstituted with a complete set of TAF II s within TFIID, in conjunction with all the other GTFs and pol II, and even in the presence of TIC-1, cannot support TAF II -mediated TATAindependent transcription. Furthermore, we have isolated and partially purified two novel TATA-less core promoter-specific cofactor activities, called TIC-2 and TIC-3, that are different from YY1, TFII-I, and USF and that, together (in the presence of TIC-1), restore basal initiator-directed transcription from the TdT promoter in a purified system. Because neither TIC-1 nor TIC-2 fractions contain TAF II s, these factors are also different from the recently described TFTC (51) . However, the TIC-1/3 (USA) fraction contains TAF II 150, TAF II 100, TAF II 80, TAF II 31, TAF II 20, and TAF II 15 ( Fig. 5A and data not shown) in a complex that does not contain TBP and TAF II 250 and is therefore distinct from TFIID (20b) but may be related to TFTC. Therefore, it is formally possible that TFTC contributes to TIC-3 activity in the cruder TAF II -containing TIC-1/3 (USA) fraction. Importantly, in a TFIID-dependent system that is reconstituted with all purified GTFs and pol II and that supports efficient basal and activated transcription from various TATA-containing promoters, a strong activator and cognate coactivators including all other cofactors from the USA fraction cannot alleviate the requirement for TIC-2 in specific initiator-directed transcription from the TATA-less TdT core promoter. Therefore, TIC-2 is also different from all known GTFs and USA coactivators (e.g. PC1 to PC4). Because activators can only function when all factors required for basal transcription (i.e., GTFs) are present in addition to pol II, and since this includes, for the TAF IIdependent TATA-less TdT promoter, the presence of TIC-2 and TIC-3, these cofactors can be viewed as core promoterspecific GTFs or basal transcription factors for the TAF IIdependent TATA-less TdT promoter. Consistent with this, TIC-2 is also required for specific TFIID-mediated transcription from the natural TATA-less core promoter region of the human ␤-polymerase gene but not from TATA-containing derivatives of the TdT core promoter (INR ϩ and INR Ϫ constructs [ Fig. 3E and 7C] ). Therefore, TIC-2 may function to compensate, in the context of TFIID (but not TBP), for the lack of stable TBP-DNA interactions on TATA-less promoters, in a manner similar and perhaps related to the function of the TdT promoter downstream region (19) . However, TIC-2 is most likely not a high-affinity initiator/downstream sequencespecific DNA-binding protein because preincubation of a TIC-2 (HS) fraction with TdT initiator or downstream DNA regions does not inhibit TIC-2-mediated transcription stimulation from a subsequently added TdT core promoter (data not shown). Thus, TIC-2 may facilitate the functional TAF II -mediated recruitment of TFIID to the initiator and downstream sequences of the TATA-less TdT core promoter in a manner more comparable to the function of TFIIA in the stabilization of TBP-TATA interactions and reorganization of the TFIIDpromoter complex on TATA-containing promoters (references 25 and 33 and references therein).
An essential core promoter-specific function for TFIIA in transcription from TAF II -dependent TATA-less promoters. We have shown that TFIIA plays a crucial role in conjunction with TAF II s and TICs in basal and activated transcription from the TAF II -dependent TATA-less TdT core promoter. Moreover, our data show that TFIIA is more important for basal (activator-independent) transcription from the initiator-dependent TdT core promoter than from the TATA-containing E1b construct. This finding indicates that TFIIA, like TAF II s and TICs, has core promoter-specific functions. This observation is consistent with (i) the selective stimulation by TFIIA of TFIID-mediated but not TBP-directed transcription in purified systems that allow efficient TBP-TATA interactions (reviewed in reference 33), (ii) the selective initiator-dependent TFIIA-mediated stabilization of TFIID-DNA interactions on TATA-containing promoters (10), (iii) the TFIIA-dependent rearrangement of TAF II s over the initiator region of the AdML core promoter (25) , and (iv) the requirement for TFIIA in conjunction with TAF II s in differential transcription from the tandem TATA-containing Drosophila Adh core promoters (13) . Moreover, our demonstration of an absolute requirement for TFIIA in addition to TAF II s and TICs for specific initiatordirected transcription from the TATA-less TdT core promoter indicates a novel role for TFIIA, perhaps related to the function of TFIIA in facilitating TFIID/TAF II s recognition of the initiator region of TATA-containing promoters described above but independent of TBP-TATA interactions. This provides further evidence for important mechanistic differences, including different rate limiting steps and/or alternative pathways, in the formation of transcription competent preinitiation complexes at class II core promoters.
A parallel between TAF II functions in gene-specific activation and core promoter selectivity. It is interesting that the requirement for TAF II s in gene transcription is not general either for activated (24, 26, 35, 47) or for basal (references 33 and 46 and references therein) transcription. It therefore appears that TAF II s play a critical role through alternative pathways in both gene-specific activation and core promoter-specific functions. Our results further suggest that this parallel can be extended to the mechanisms of TFIID/TAF II function in vitro. Indeed, TAF II -activator and TAF II -core promoter interactions result in an increased recruitment of TFIID and/or stability of the TFIID-promoter complex (33, 46 ; see also the introduction). However, in contrast to TBP-dependent basal transcription, both of these TAF II -mediated processes require TFIIA and additional cofactors, i.e., coactivators (reviewed in references 5, 12, and 52) or core promoter-specific cofactors (TICs [this report]), for productive transcription stimulation. The mechanisms by which those cofactors potentiate TAF IImediated functions are still largely unknown. It is possible that both TAF II -dependent activator function and basal TAF IImediated core promoter-specific transcription stimulation are intimately linked processes at particular genes. This would be consistent with the previously observed core promoter-specific activity of certain activators in vitro and in vivo (6, 9, 23, 36, 49) . In accord with a potential role of TAF II s in selective transcription of a specific group of genes, the levels and activity of TAF II s are regulated during the cell cycle and TAF II s play an important role in the regulation of cell growth and cell cycle progression by controlling the transcription of G 1 and B-type cyclin genes, many of which have a TATA-less core promoter structure (references 24, 34, 35, 41, 48 , and 48a and references therein). The novel TIC-and TAF II -dependent in vitro transcription systems described here will be useful both for the further characterization of TICs and for the analysis of the role that TAF II s (and TFIIA) play in core promoter selectivity and in specific transcription of cell cycle-regulatory genes.
